The present work aims to analyse the environmental advantages of a production process that applies circular economy. The study examines a product that is generated through the use of a certain percentage of recovered secondary materials, thus helping to avoid impacts related to the disposal of these materials and preserving the ecosystems from indiscriminate excessive natural resources extraction. The product analysed is an ecological detergent ("Ri-Detersivo" -Re-Detergent), produced by the company Tea Natura, mainly composed of regenerated vegetable oils coming from food industry. The methodology used in this paper is Life Cycle Assessment (LCA). A partial LCA will be carried out here, arriving at the saponification phase, and comparing the environmental impacts deriving from the Re-Detergent production process with those of a traditional soap, comparable to that studied in terms of function. The analysis of the case study found that the use of regenerated vegetable oils for the production of soap allows to significantly reduce the environmental impacts compared to the use of coconut oil imported from third countries.
INTRODUCTION
It is evident that our planet is in serious difficulty in satisfying the ever -growing demand of humanity about the use of natural resources, especially raw materials, and in absorbing the waste it produces [1] , [2] . It is proved that some of the planetary limits, which define a safe operational space for human development, have already been overcome [1] . Therefore, it seems clear that the concept of sustainable development must be grounded on the balanced and rational use of resources, aiming to contrast the deterioration and depletion of the natural capital stock [3] .
Most of human activities are based on a linear economic model, turning natural resources into base materials and products for sale, through a series of value-adding steps [4] . This model is regulated by the linear principle of "take-make-consume-dispose" [5] , based on the incorrect assumption of an abundant availability of resources, easy to find and inexpensive to dispose of, ignoring the related environmental impacts [6] . Although some natural resources are actually renewable, the extraction dynamics and production rates dictated by human needs exceed the regenerative times of natural resources, and the environmental impacts linked to
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Exhaust Vegetable Oils: a Problematic Waste
Transaction to a circular economy requires a cultural and structural change [ 7] . In particular, circular economy aims to decouple prosperity from resource consumption, i.e., consuming goods and services but not depending on extraction of virgin resources and thus ensuring closed loops, that will prevent the disposal of consumed goods in landfill [6] . Basically, an economy based on circularity is an economic model designed so that the waste Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 240 of a given process returns to circulation, becoming a raw material for the same or for a different process [5] . Ideally, a system that has reached circularity is a system that produces no waste: integrated combinations activities act synergistically, to feed and to be fed reciprocally [6] . Systems of this type exist in nature and are ecosystems: nature does not produce waste, through cyclic processes, but it recycles and reuses matter in an infinite way, exploiting energy from the sun, wind or watercourses [7] . With continuous economic growth, the population has increased their consumption, and the environmental damage is seen to rise [10] . Therefore, the circular economy must reach the goal of imitating nature, improving and optimizing the use of the materials that enter the production systems and the energy that feeds these processes, making sure, respectively, that the value of products and materials is maintained as long as possible and using renewable energy sources.
The exhausted vegetable oils are a polluting agent, whose control and recycling are fundamental for the protection of natural ecosystems, avoiding an incorrect dispersion of this type of product within the environment. In the European Union legislation, the waste "edible oil and fat" is considered a "special non-dangerous" waste [11] . This type of waste is the result of the oxidation process of vegetable oil, which undergoes changes in its original polymeric structure, after the absorption of polluting substances coming from the carbonization of food residues, cooked or fried within it. Hence the term "exhausted", it means that the oil is no longer usable, due to the loss of its organoleptic properties [1 2] .
The residual substance is a viscous and dense fluid, from yellow to red -brown, with an unpleasant smell, having lost all of the original purity and genuineness; it has turned into a special waste causing serious environmental problems if not properly disposed. While catering professional firms are obliged to separate waste collection of exhausted vegetable and animal oils and fats [13] , which are subsequently recovered and recycled, for citizens there is no obligation to collection of used vegetable oil.
The most recent estimates indicate that in Italy, every year, 1.4 million ton nes of vegetable oil are released for consumption, divided almost equally between seed oil and olive oil, in the form of edible oil or as a component for the realization or conservation of other foods. The average per capita consumption is about 25 kg of vegetable oil per year. Of this amount, a residual oil percentage of about 19 % is estimated, which corresponds to over 260 000 tonnes of used vegetable oil, mostly in the form of frying residue. Going further to analyse this quota, it should be noted that 94 000 tonnes (36 %) are produced by the catering and hospitality sector (restaurants, bars, hotels), and by commercial and industrial activities (chip shops, rotisserie laboratories, industrial catering) and the remaining 166 000 tonnes (64 %) come from domestic consumption within homes [12] .
Therefore, from these numbers it can be deduced that the most consistent and most critical fraction, from the management point of view, is constituted by the exhausted vegetable oil deriving from domestic activities. Moreover, the proportion of waste oils produced by the professional activities is more easily controllable and manageable, thanks to the obligations dictated by the mentioned regulations, while the real challenge is to intercept the exhausted vegetable oils produced from domestic users, who are not subject to any obligation. Often, due to the ignorance of the consequences that this act entails, citizens incorrectly dispose this type of waste. The inadequate disposal of used cooking oil entails a number of risks and problems, including serious environmental damage, as well as important economic, social and health effects. If disposed through the sewer system and discharged directly into the drains, as commonly happens in the domestic context, the exhausted oil compromises the proper functioning of the network itself (clogging the pipes) as well the functioning of purifiers, as it reduces the efficiency of biological purification. All these problems increase Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 241 the investment and management costs of the plants, forced to adopt solutions for the separation of the oily phase from the aqueous one.
Environmental Impact of Exhaust Vegetable Oils
The potential environmental damages coming from inadequate disposal of exhausted vegetable oils are various, and it is also rather complex to assess the direct and indirect effects of voluntary or accidental waste oils release in the different environmental compartments.
Undoubtedly, the most evident impact concerns water pollution, which can occur either directly, if oily waste is discharged into water bodies, or indirectly, if it is introduced into the sewer system [12] . Impacts for water are connected both to the chemical nature of the oili.e. immiscibility with water, and to the chemical compounds coming from the frying process, that are dispersed in the water bodies causing environmental and biological alterations.
The oil that reaches a body of water, due to its nonpolar character and lower density compared to water, is distributed on the surface forming a thin waterproof film, with consequent problems for aquatic environments: the oil layer on the surface inhibits gas exchange and limits the filtration of light, with strong repercussions on the ecosystems, compromising the existence of the underlying flora and fauna. It is estimated that 1 kg of used vegetable oil can be evenly distributed to cover an area of 1000 square meters [12] .
The damage caused by oils in the soil component is also considerable. If improperly dispersed in the ground, the exhausted vegetable oil tends to form a hydrophobic film around the particles of earth and on the surface of the roots. This phenomenon creates a sort of barrier making the roots of the plants impermeable to water and, consequently, precluding at the same the intake of nutrients. Moreover, in the case in which the exhausted oil, p enetrating into the ground, reaches the phreatic aquifer, it would be able to form a lentiform layer with a thickness of a few centimetres above the groundwater itself [14] . Moving with the aquifer, the oil stain could reach wells of drinking water, making this water unusable for human consumption. In fact, only one litre of oil mixed with one million litres of water is enough to alter the taste in limits that are incompatible with drinking water. For this reason, it is essential to take appropriate precautions to protect groundwater and wells, but also surface waters that may be in contact with the deeper water reserves.
The properties of exhausted vegetable oils can vary significantly in relation to their original composition and the treatments they have undergone; together with the environmental conditions, these factors influence the behaviour and consequences of release in natural environments. In many cases, exhausted vegetable oils behave similarly to mineral oils, but having been less studied as pollutants, it is sometimes more difficult to predict their consequences and act promptly. Moreover, similarly to what can happen when synthetic oils and petroleum products are dropped in aquatic environments, exhausted vegetable oils can cover the surfaces of living organisms (for example birds) with an insulating film, decreasing their ability to heat exchange and sometimes preventing their ability to move causing immobility.
The great risks associated with improper disposal of these substances lead to a caref ul regulation, through specific Consortiums, of oils collection, even if until now mandatory only for the professional activities. The management of waste produced by citizens is defined as "urban waste" and is therefore responsibility of the Municipalities.
Regeneration and Recycling of Exhaust Vegetable Oils
Many of the companies that carry out the collection of exhausted oil also deal with its storage and recovery, subjecting the waste to specific treatments that allow it to be Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 242 transformed into a second usable raw material, to be subsequently returned to the market. The treated waste becomes an effective and convenient substitute for virgin raw materials, used in multiple processes and applications. After eliminating any food residues that may be contained, vegetable oils can be used as a renewable energy source in co -generation plants, within ecological fuels such as biodiesel. If subjected to further specific chemical or physical processes, they can be transformed into biolubricants, suitable for use in agricultural or nautical machines, as well as used as the basis of various products in the cosmetics sector, in the soap and detergent industry, in the production of fats for the tanning, of expanded clay and in the production of printing ink, as bases for paints.
The use of vegetable oils for the production of biodiesel has so far been evaluated by Italian consortium (CONOE) as the most effective and profitable; in fact, at the current moment, biodiesel and vegetable oils are at the forefront of the substitutes to petroleum-based diesel fuel in the transportation sector [15] . Biodiesel is drawing attention as a renewable and clean alternative to fossil diesel fuel because of numerous advantages such as excellent lubricity property, reduced toxicity and exhaust emissions, higher biodegradability [16] . For this reason, in the consortium system, exhausted vegetable oils sent to biodiesel production represent 90 % of the total [12] .
However, in this work we wanted to give space to that 10 % of alternative processes that also represent excellent solutions for transforming a potentially damaging waste into a resource. In particular, the case study will deal with a process which, following treatments of regeneration and purification of exhausted vegetable oils, leads to the production of a soap.
Use of Exhausted Vegetable Oil as Second Raw Material in the Detergents Sector
Detergents are probably the broadest class of technical household products. The science of detergency has undergone revolutionary changes since its beginnings in the 1930s. The huge increase in detergent production has completely altered the environment and provided a large number of new materials. Depending on the composition of the detergent molecules, they have transformed our natural environment intentionally or unintentionally [17] .
According to the definition reported by the Italian National Center for Chemical Substances, Cosmetic Products and Consumer Protection, "detergent is any substance or mixture containing soaps and/or other surfactants, intended for washing and cleaning activities".
That of detergents is an industrial sector with a very high influence on everyday life. In industrial countries the annual per capita consumption of deterge nts is of the order of 20 to 30 kg per year, which in Western Europe, corresponds to 4250 kt of detergents produced. Laundry detergents represent the greatest part of this consumption. Over the years, the detergent industry has been extremely innovated, thanks to the incentives of both market trends (e.g. development of liquid or concentrated detergents) and legislation for environmental protection (reduction of phosphorus content, biodegradability, exc.).
Soap, whose discovery has ancient origins, has been the only detergent used by man for centuries. The saponification reaction consists of an alkaline hydrolysis of triglycerides (esters). These esters are the major constituents of vegetable oils and animal fats. Historically, the production of soap was a method to reuse animal fats, lard and tallow or rancid olive oil, as a way to give value to waste products coming from other processes, or to avoid throwing a precious material still potentially exploitable and recoverable, with an approach absolutely consistent with that of circular economy.
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The basic component of any modern detergent is surfactant † . In general, surfactants can be divided into two categories: natural and synthetic. The difference between natural and synthetic surfactants is not in the cleaning power, but in the origin of the raw material, which can be natural (from animal fats or vegetable oils) or fossil.
In many industrial products, surfactants have actually a petrochemical origin (e.g. SLES -Sodium Lauryl Sulfate), being hardly biodegradable and with an extremely high poten tial impact on the environment, both during extraction and refining. The need to find alternative solutions, less impacting and more sustainable than petrochemical products, has gradually led to a massive exploitation of vegetable oils, such as soy oil, coconut oil and palm oil, as natural surfactants. Table 1 shows data on the use, at global level, of the most common vegetable oils. Data in Table 1 show as the percentages of palm and coconut oil destined for industry are particularly important. Considering that these two types of oil are currently not used as sources of production of bio-fuels, it can be assumed that the high percentage that is found in the industrial sector corresponds for the most part to the soap industry.
Detergents obtained from the saponification of vegetable raw materials present real advantages from the environmental point of view, as regards the biodegradability and the preservation of fossil sources. However, there are also several negative aspects that cannot be overlooked [19] . In fact, using oils that find their best use in food may not be an ethically sustainable choice. In addition, the environmental impact and the cost that the transport of oils causes, as well as the pressure that the increasing need for these raw materials exercises on the territories of origin (deforestation) and on local populations must be considered [20] .
It is easily understandable that an oil produced near where consumption takes place has less impact than one coming from third countries (countries that are not members of European Union and European Free Trade Association), sometimes very distant. It would be even better opting for waste fat substances, such as animal fats, meat-processing residues, or exhausted vegetable oils, used for storing or cooking food.
As mentioned in the previous paragraph, exhausted vegetable oils constitute a particularly problematic waste. The lack of a complete management regulation for private citizens leads in many cases to the oils throwing into dumps or illegal spreading into the environment, † The surfactant molecule consists of a long non-polar chain, which is able to interact with non-polar components as fats and other impurities, and of an ionized polar part, able to interact with water molecules. This conformation explains the interaction of soap with water and fat.
Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 244 causing serious environmental damage [21] . If properly treated, however, these oils can be reintroduced into multiple sectors, and used as a second raw material for the production of new products, such as soaps and detergents. Therefore, the saponification of exhausted vegetable oils could be a virtuous action from an environmental point of view, but also economic and ethical. The environmental advantages mainly consist of:
− Avoiding all the problems related to disposal of a waste substance; − Avoiding, or at least decreasing, the import of vegetable oils from abroad, reducing the environmental pressure in countries where the production of vegetable oils for industrial use is concentrated, and reducing deforestation and the use of natural resources (e.g. palm, coconut); − Eliminating or reducing the huge environmental impact of intercontinental transport (as palm and coconut oil are mainly produced in Indonesia or Malaysia). Avoiding the costs of managing and disposing of this waste and the costs of importing oils from third countries is also a great economic advantage. Finally, using a waste in the soa p industry is a more ethically correct choice, compared to the use of vegetable oils that could constitute a valuable food resource.
Regenerating and recycling exhausted oils, reintroducing them into the production cycle of soaps, represent an excellent example of open recycling ‡. It perfectly matches one of the circular economy basic principles, according to which it is essential that everything that still has an intrinsic residual utility is not disposed of in landfills but must be valorised, recovered and reintroduced as new raw material, returning to the economic system without compromising the reserves of natural resources.
Some firms are recognizing the potential of exhausted vegetable oils in this sense, studying systems and processes in which these substances can effectively be reused. Our case study will analyse one of these processes, leading to the production of an ecological detergent ("Ri-Detersivo"), whose formula contains a good percentage of soap obtained from the saponification of post-consumption oils.
METHOD: LIFE CYCLE ASSESSMENT IN THE CONTEXT OF CIRCULAR ECONOMY
The approach to environmental problems through life-cycle analysis, which we can define as "Life Cycle Thinking", originated around the end of the 1960s, when the problems related to excessive resources consumption was already beginning to be perceived [ 22] . The LCA methodology proposes a systemic view of production processes, through an objective assessment and quantification of energy and environmental loads and of the potential impacts associated with a product/process/activity [23] , along the entire life cycle, from the acquisition of raw materials to the final disposal (so called "from cradle to grave " approach).
The term LCA was created during the SETAC congress (Society of Environmental Toxicology and Chemistry, Vermount, USA) in 1990. LCA was defined as "An objective procedure for assessing the energy and environmental loads related to a process or an activity, carried out through the identification of energy and the materials used and the waste released into the environment. The evaluation includes the entire life cycle of the process or activity, including the extraction and transportation of raw materials, manufacturing, transportation, distribution, use, re-use, recycling and final disposal" [24] . ‡ An "Open recycling" is a recycling system in which a material arrived at the end of its life, constituting a waste, is reintegrated into a new process, different from the process that generated it.
From this point of view, LCA was established as a tool allowing to quantify the environmental impacts of a product and to identify in which phase of its life cycle the most critical issues are concentrated, in order to propose the actions of improvement, leading to a decrease in the environmental impact itself [25] .
The procedure was established by the international standards ISO 14040 and ISO 14044 [26] , [27] ; with these standards the ISO provided references for the correct application of the life cycle analysis, including the main principles and the guidelines framework for performing a LCA study. The main phases generally analysed in the LCA studies are: Goal and Scope definition, Life Cycle Inventory, Life Cycle Assessment and Interpretation [ 26] .
The study of the life cycle of a system includes the evaluation of the environmental effects of the disposal phase. In this sense, the LCA methodology is a very effective tool for defining the best choices that aim primarily at reducing waste production and, secondly, at reducing environmental impacts connected to the "end of life" of a certain product.
A good that comes at the end of its useful life, after collection, can be used for: material recovery (re-use, recycling); energy recovery (e.g. thermal valorisation); landfill disposal. Assuming that the transfer to landfills must be considered as a last option when there are no valid recovery possibilities, each of the three alternatives has environmental aspects that must be carefully evaluated and compared with the relative benefits, in order to be able to direct the choice towards the less impactful option. In fact, it should be considered that the activities mentioned above are also industrial processes, which have their respective energy and environmental repercussions.
The principle of reuse refers to "any action by which products or components that do not constitute waste are used again for the same purpose for which they were conceived" [28] . It consists of re-using the same product, after a possible reconditioning treatment, for the same function it has carried out in its useful life cycle, without making substantial changes.
The principle of recycling, instead, concerns "every operation by which waste materials are reprocessed into products, materials, substances to be used for the original purpose or for other purposes" [28] . It consists therefore in recovering the material contained in a product and in reusing it for the production of new objects, consisting entirely or in part of the same material. Although recycling is the most developed strategy for achieving circular economy, not in all cases it leads to effective results: the energy requirements for re cycling can be high, the lower quality of secondary material can lead to an increase in the demand for virgin material, or sometimes secondary materials cannot be used to replace virgin materials [ 29] .
A limit of the recycling, which should not be underestimated, could also lie in the availability of supply chains capable of enhancing the materials. Therefore, recycling is not a goal that must be followed at all costs, rather it must be considered in combination with reduction and reuse systems, following the 3R principle (Reduce, Reuse, Recycle), in order to achieve sustainable management of resources.
The recycling option has to be evaluated by comparing, through an LCA approach, the energy consumption and the environmental impacts that would derive from all the activities necessary for the recovery of waste or products, with the consumption and impacts resulting from the production of the same product with virgin raw materials, and the dumping of the same waste.
Another concept, strictly connected with circular economy is that one of "end of waste" (EoW), established at European level to find a balance between the protection of the environment and the recovery of waste materials and their reintegration into production cycles. The EU Directive 2008/98/EC [28] ("Waste Framework Directive") aims to "help the Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23
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According to this Directive a waste terminates to be waste when it has undergone a recovery operation, including recycling and preparation for re-use, and meets the following conditions:
1. The substance or object is commonly used for specific purposes; 2. There is a market or an application for this substance or object; 3. The substance or object meets the technical requirements for specific purposes and complies with the existing legislation and standards applicable to that type of products; 4. The use of the substance or object will not lead to overall negative impacts on the environment or human health. The concept of End of Waste constitutes the fulcrum on an authentically "circular" economy. In fact, the waste having the characteristics of EoW must be considered from that moment as non-waste, thus being able to be reintegrated into new production cycles.
In this perspective, the LCA methodology, highlighting the impacts caused not only by the production phase of a product, but also by the phases of use and disposal, allows to evaluate and quantify the benefits deriving from materials recycling activities, and proves to be a valid tool to support circular economy approach, promoting the transition towards a more sustainable use of resources.
CASE STUDY: LCA APPLIED TO THE "RE-DETERGENT"
Description of the Product
In this paragraph we report the application of the LCA method to the product "Ri-Detersivo" (Re-Detergent), an ecological detergent designed and produced by a company in central Italy (The company "Tea Natura", located in the city of Ancona -Region of Marche). This product contains a good percentage of recycled raw materials. The LCA study was carried out by using the SimaPro 8 Software [30] , following the guidelines set by the ISO 14040 and ISO 14044 standards.
"Ri-Detersivo" is a detergent, both for hand washing and washing machine, that is highly concentrated, ecological and eco-sustainable, containing 35 % of surfactants obtained from exhausted vegetable oils. These oils are previously recovered, filtered, deodorized, clarified and finally saponified. The "Ri-Detersivo" line was born from the will of Tea Natura to combine the concept of eco-compatibility with that of sustainability. In fact, the company uses a waste coming from post-consumption of food oil, and gives back to it the dignity of a raw material, by transforming the waste into a biodegradable surfactant.
This transformation allows eliminating the problems that these waste oils would cause in case of dispersion in the environment and, at the same time, to avoid the excessive use of fats of extra-European origin (palm, coconut, exc.) to create the surfactant.
In TEA detergents, in addition to the choice of completely avoiding surfactants of petrochemical origin such as SLES, replaced with vegetable surfactants, a total absence of other impacting agents was also reached: substances like formaldehyde, phosphorus, softeners, optical whiteners, which are ingredients with a strong and recognized ecological impact (poor biodegradability, toxicity for living aquatic organisms, presumed teratogenic action) have been avoided or replaced by more biocompatible raw materials. In particular, phosphates, enzymes or softeners have been replaced by clays, citrates and silicates; dyes and synthetic thickeners have been eliminated, and the thickening function in TEA products is Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 247 ensured by the use of salt (NaCl); finally, pure essential oils, where possible organic, have replaced synthetic fragrances. Therefore, the product "Ri-Detersivo" is not only largely composed of recovery substances, that allow a considerable impacts reduction in its production phase, but also has the advantage of being more biodegradable than conventional detergents, reducing the impact in its use phase. In this way, Tea Natura succeeded in giving its personal and effective answer to two major problems: that of giving new life to a product considered waste, and that of reducing pollution due to the use of detergents.
The production of "Ri-Detersivo" therefore allows for: − Making a highly polluting waste completely reusable, through the practice of recycling; − Using twice a vegetable raw material of agricultural origin (first as edible oil, then as a base for soaps); − Compensating the costs of recovery and disposal of used oils; − Reducing the import of raw materials from third countries, resulting in a more sustainable use of resources; − Reducing emissions of CO2 into the atmosphere, related to the transport of the above raw materials; − Reducing the impact during the use phase, thanks to the high biodegradability of the product. From 1 kg of oil is possible to obtain 17 kg of product. According to data collected by the Ministry of Health, every Italian annually consumes 25 kg of vegetable oils, and the residue is equal to about 20 % of the total (about 4.5 kg per capita). It can be deduced that each of us would be potentially able to supply the company with the raw material necessary for the production of 76.5 bottles of laundry detergent. The production process of this detergent involves different subjects that work together in synergy to complete the product.
Goal and Scope Definition
Goal of the Study
The present study is a comparative LCA, i.e. it aims to study the production process of a product, in order to compare its environmental impacts with those of a product comparable in terms of function, but different in composition.
The analysis that was carried out wants to verify if the implementation of recovery and recycling operations, using a recycled raw material in a given production process, brings advantages from an environmental point of view. In particular, in this case study we would like to verify if the use of recovered exhausted vegetable oils, as a base for the production of soap, determines a reduction of the environmental impacts, compared to soaps produced only with virgin raw materials.
Description of the whole Production Process of "Ri-Detersivo"
The production process of the "Ri-Detersivo" can be divided into 5 phases: 1. Cold centrifugation; 2. Cardboard mechanical filtration; 3. Saponification: obtaining the "Soavisoap" molecule; 4. Completion of the formula by adding additional ingredients; 5. Bottling and labelling.
In this sequence of operations, the output of a phase is totally used as input for the following phase, except for some processing scraps, which are therefore treated as waste and correc tly disposed.
Phase I: Cold Centrifugationin the first phase the basic input is the exhausted vegetable oil, which comes from a capillary collection process carried out within the territory of Marche Region by a company participating in the CONOE consortium system. The exhausted oil at the entrance looks like an emulsion of oil and water, also containing impurities due to the original function of the product, namely that of edible oil.
The oil is subjected to a cold centrifugation process, which substantially allows separating the oily phase from the aqueous and from the solid ones. At the end of this operation the main output consists of purified and clarified oil. In this phase, however, there are also some waste substances, which include water (7 % of the total), conveyed to purification plants, and organic solid (1 % of the total) called "dust", which could be potentially reusable as a soil improver but which is currently destined to thermal destruction.
The oil resulting from this phase (with a yield of 92 %) is a product that can be recycled and reintroduced into the market as a raw material. The only other input entering this centrifugation phase is the energy required to operate the centrifuges, which, however, being a cold process, is quite small as amount.
Phase II: Cardboard mechanical filtrationthe next phase is mechanical cardboard filtration. In this phase the clarified oil is subjected to a further treatment that ensures an even greater level of oil purity. The cardboard filter consists of a central body formed by plastic plates with a central hole, in which 10 cardboard filters are interposed, with a thickness of 2 mm each one. The oil is introduced into the filtering system through a special pump and, due to the pressure impressed by the machinery, passes from one septum to another through the cardboard filters, until it is collected in special containers. This particular type of filter allows obtaining excellent levels of purification without altering the fundamental characteristics of the filtered liquid. Also, in this case, the energy required to operate the machinery represents the only additional input. In the filtration phase, the only waste produced consists of the cardboards impregnated with oil and impurities, which must be disposed of in landfills. The oil that remains inside the cardboards causes a loss of just 2 % of the incoming oil.
Phase III: Saponificationat this point of the process, the exhausted vegetable oil has been completely regenerated and is ready to be sent to the third phase of the process: the saponification. This is an important part of the process, as it is the phase in which the mixture of regenerated oils is transformed into soap. Since they are a mixture of vegetable oils, and it is almost impossible to estimate the percentage of the different oils contained in the mix (e.g. percentage of olive oil, seeds oil, exc.), a particular machinery, called dynamizer, is necessary, which allows to carry out the process in a controlled manner in orde r to obtain a complete and effective saponification. For this operation the Tea Natura company asked for the collaboration of a company located in the north of Italy, having such a machinery.
The inputs of this phase are regenerated waste oils from the previous phase and a percentage of coconut oil (imported from abroad), both supplied by Tea Natura. Saponification requires other ingredients such as demineralized water, caustic potash, water and acetic acid. The main output of this phase is the surfactant. As mentioned, the LCA that was carried out ends with the conclusion of this phase.
Phase IV: Completion of the formula -The fourth phase consists of completing the detergent formula, in which other types of surfactants, always of natural origin, are adde d to − Lactic Acid, an acid of natural origin that serves as a pH modifier; − Sodium Chloride, i.e. common kitchen salt, which acts as a viscosifier; − Pure essential oils, to give a pleasant smell to the product. Phase V: Bottling and packagingat this point the laundry detergent is complete in all its parts and is bottled in bioplastic bottles, to which a paper label is applied. The percentage of waste oils used in the product is highlighted in the front of the package.
Systems Boundaries of the LCA Study and Main Assumptions
To focus the analysis on the production phase, an LCA 'from cradle to gate' can be performed, from the production of initial inputs to the final product, omitting the phases of product distribution [25] . It is important to point out that, at the present time, the life cycle analysis has not been applied to all the phases that lead to the production of the final Re-Detergent product, but stops at the third stage, that is the one concerning the production of soap from exhausted vegetable oils. The analysis will be completed in a second moment; the one in the current work is therefore a partial and preliminary LCA. The collection and transport of used vegetable oils, production and transport of the additional coconut oil were considered. The subsequent treatments and procedures for obtaining the soap were also taken into account. The phases of completion of the formula of the Re-Detergent, bottling and distribution, were excluded from the system. Fig. 1 shows a graphical representation of system boundaries.
Data related to capital goods and infrastructures were not taken into account in the study, since their consideration would lead to an excessive increase of the complexity of the system [27] .
In reference to geographical boundaries, for data as electricity consumption the medium voltage electricity use in Italy including import from other countries was considered [31] , while for natural gas the production and emission data on heat coming from gas in Europe was considered [31] . Data for transport emissions, vehicle manufacturing and maintenance represent generic European data. Data referring to the production process of the product investigated represent Italian data.
Additionally, an important consideration must be made in relation to the first phase of exhausted oils treatment: the first phase of centrifugation is a recycling process, and vegetable oils are a substance that is considered a waste, but recovered in the present process, applying in this way the concept of End of Waste above explained. For this reason, only the processes related to recovery treatments have been accounted as impacts. The upstream processes necessary for the production of these oils were therefore considered null, such as the cultivation of the plants from which the oils destined for food use were extracted, the extraction and transport of the same. These processes should instead be considered if we were using virgin raw materials. It is predictable that this factor will greatly affect , in positive terms of circular economy, the impact assessment phase and therefore the final results of the study. 
Functional Unit
Depending on the objective and the field of application, the functional unit is defined, as a reference to which to report all the data and information collected during the LCA study [ 32] . All the flows in and out of the system are connected to it. The functional unit also allows for comparability of LCA results. In the specific case, it is 1 tonne of soap from recovered oils. We chose to use this quantity as functional unit, as the data about the saponification phase, supplied by the company, relate to 1000 kg of soap as main output.
Inventory Analysis
Characteristics of Data
In relation to the production process of soap obtained from used oils, the study was based, for the most part, on data supplied directly by the companies involved in the process. This type of data does not require the definition of the level of precision, since are data used by the companies as part of their ordinary management. For those data that could not be found directly, we used data available in Ecoinvent database [31] . Also, with regard to the traditional soap used as a term of comparison, the data contained in the Ecoinvent database were used, choosing an item that was as suitable as possible to the needs dictated by the purpose of the study. Other secondary data were estimated, such as those related to the transport and the flows of final waste. According to ISO, all the environmental contributions that are considered to have little relevance can be considered negligible. In this case, a "cut-off" rule of 5 % was adopted [26] . Table 2 reports the main input and outputs of the system investigated, divided for the three phases that we considered in this context.
Collection and centrifugation of exhausted vegetable oils: the collection and centrifugation of oils is performed by a local company. This company collects and processes 2 800 tonnes of exhausted vegetable oils in a year (data referring to the year 2017). As the yield is 92 %, it has been calculated that 2 576 tonnes of oil purified by centrifugation are released from the plant annually. This product will be the main input of the next phase.
As we anticipated, among the inputs shown in Table 2 for this phase, the item "Exhausted vegetable oils" will not appear, since the contribution of this raw material in the production cycle is considered null. The evaluation of the impacts concerns only the processes related to the treatments that the oils undergo during the centrifugation.
The incoming flows are therefore the consumption of the plant in its operational phase, which substantially include consumption of gas and electricity, the first relating to the vehicles that carry out the collection and the transport of the oils, the second relative to the activity of the plant itself. Also, the transport of exhausted vegetable oils was considered, from the places where they are produced or collected, to the place of treatment, i.e. the centrifugation plant. Considering that the collecting company is mainly active in the Marche and Abruzzo regions, an average distance of 250 km has been estimated.
As regards the outputs of this phase, the emissions in air due to the transport of oil and to the plant operation must be considered. Also, in this case, the company provided us with the annual data for the year 2017, expressed in gCO2eq/kg of treated oil. Wastewater and organic solid waste, residual of centrifugation, were counted as final waste streams. Water (7 % of the initial oil quantity) is conveyed to purification plants, while the organic solid (1 % of the initial oil quantity) is destined to thermal destruction, even if alternative solutions could be studied, such as the possibility of recycling also using it as a soil improver.
Cardboard mechanical filtration: the centrifugation phase is followed by the filtration phase using cardboard filters, which takes place within the company Tea Natura. The only material in input for this operation is represented by purified vegetable oils, the main product of the previous phase. Additionally, the energy required for the filtering system is considered. Also, in this case transports were taken into account. A distance of 50 km, between the company that carries out the centrifugation, and Tea Natura was estimated.
The main output of this phase is purified and filtered vegetable oil. The yield is approximately 98 %, therefore with a starting quantity of 900 kg we will obtain 882 kg of filtered oil. In this phase there are no emissions in air, but there is the presence of a solid waste, consisting of filtering cardboards, which must be replaced after each filtering cycle, as they absorb few oils and the impurities still present in it. The machine works, each time, with a series of 10 filters, whose final weigh at the end of the process was estimated to be approximately 5 kg.
Saponification: the saponification process is the third and last phase considered within the boundaries of the analysed system. The production of "Soavisoap" molecule takes place in a third company, located in the north of Italy (province of Bergamo). As described above, saponification is a triglyceride hydrolysis reaction promoted by alkalis: the base in this case is represented by caustic potash (potassium hydroxide), while the fat component consists mainly of regenerated vegetable oils and a lower percentage of coconut oil. These were the primary data provided by the company.
The related transports were considered. For vegetable oils, a distance of 467 km between Ancona and Bergamo was estimated. In relation to coconut oil, as it comes from the Philippines, which are one of the major producers, a travel by sea (transoceanic tanker) was assumed, with an estimated distance of 20 000 km from the Philippines to the port of Genoa, (the main port in the North of Italy); finally, the transport of the same amount of coconut oil from the port of Genoa to Bergamo was also estimated. The reaction takes place in aqueous solution, therefore, among the inputs, a certain quantity of water is necessary. Another reagent in the saponification mixture is Trilon M (Methylglycinediacetic acid, MGDA), a biodegradable complexing agent. However, since this substance was not present in the software database and since it is present in small quantities (2.4 kg) compared to the other components of the reaction, it was considered possible to neglect this input. Among the outputs, in addition to the main output (1 t of "Soavisoap", i.e. our functional unit), a consumption of water, due to the reactor washing water, must be considered.
Impact Assessment Results
Analysing the life cycle of "Soavisoap", we found that the purified oil, derived from exhausted vegetable oils, affects the entire cycle of product life, for only 2.7 %. This impact is not even shown in the results, because inferior to 5 %, which was the threshold of significance set at the beginning of the analysis for showing or not the impacts. It means that the phase of purification of the exhausted oils is really few impacting, in comparison with the rest of the processes considered in the system.
The results of the impact assessment phase (Method: EcoIndicator 99 - [33] ) are shown in the graph below. In particular, Fig. 3 shows the impacts related to the entire life cycle of the "Soavisoap" product, grouped into impact categories (Normalization § . phase).
Moreover, the comparison between the "Soavisoap" product and a generic coconut oil-based soap, chosen from the Ecoinvent database, has been performed. Table 3 shows the numerical values relating to the normalization phase of the comparison of 1 tonne of "Soavisoap" with 1 tonne of standard coconut oil soap.
The results show that the analysed production process causes impacts mainly in three categories: Land Use (Damage caused by occupation and reconversion of the territory), included into the macro-category "Ecosystem quality"; Fossil Fuels (damage caused by the extraction and consumption of fossil fuels), included within the macro-category "Exploitation of resources"; Respiratory effectsinorganics (Respiratory damage caused by organic substances in air), related to the macro-category "Human health". Among these impact categories, the one that has the greatest relevance is that related to the use of the land: this high impact, in fact, is caused by the process related to production and use of coconut oil, even if is used in minimum quantities, because of the problem of reconversion of territories for the cultivation of the palm from which it is extracted. The high impact obtained in relation to coconut oil underlines the importance of reducing as much as possible the use of virgin row materials in these types of products, being their use very impacting for the natural system. § Normalization consists of dividing the impact category indicators by a 'normal' value. The most common procedure to ascertain the normal value is to determine the impact category indicators for a region during an entire year and divide this result by the number of inhabitants in that area. Therefore, the final results are expressed in points; the higher the score, the more important the impact is. 255 A not expected result was the high weight in the fossil fuels and respiratory inorganics categories given by potassium hydroxide production. The remaining contribution for the same categories is given by the consumption of electricity and the processes necessary for the production of soap. Using renewable energies could mitigate the impact given by electricity consumption in the production of the soap.
A greater contribution was expected for what concerns transport; however, the damage due to transport appears to be minor compared to the major causes of impact described above. All the remaining categories appear to have less significant impacts, as concerning the normalization phase results.
As regards the comparison between the production process of "Soavisoap" and the standard soap originating from coconut oil, the following can be deduced: the "Soavisoap" causes impacts extremely lower than standard soap, with reference to all impact categories. In particular, the biggest difference between the two products, in favour of the "Soavisoap", is found in the categories Land use, Respiratory Inorganics, Climate Change and Fossil Fuels ( Table 3) . With regard to the Land use category, this result is due to the fact that in "Soavisoap", the use of coconut oil is largely replaced by the use of regenerated vegetable oils, whose impact related to the production of oil itself must be considered null, as previously explained; this greatly reduces the impacts related to this category. This result is highlighted in Table 3 , where the item "Land use" has a value of 0.06 Points for the "Soavisoap", against a value of 1.97 Points related to coconut oil soap. Also, the remaining categories (Carcinogens, Respiratory Organics, Radiation, Ecotoxicity, Ozone Layer, Acidification/Eutrophication, Minerals) result being sensibly lower in the "Soavisoap".
This confirms that, re-using vegetable oils, and avoiding using virgin row materials, allows minimizing impacts in each of the areas related to human health, ecosystem preservation and consumption of resources.
CONCLUSION AND FUTURE PERSPECTIVES
The purpose of this work was to demonstrate the potential of recycling practices, as a way for a transition to the new circular economy model. In relation to the co mparative analysis carried out, the hypothesis that a product containing raw materials of secondary origin could have a lower environmental impact, compared to an equivalent standard product, was confirmed.
The analysis of the case study found that the use of regenerated vegetable oils for the production of soap allows to significantly reducing the environmental impacts compared to the use of coconut oil imported from third countries. This highlights the importance of focusing on the use of "zero km" raw materials and the search for solutions aimed at upgrading the waste that is produced in the national territory. Moreover, along with the upgrading of waste, this work would like to emphasize the need for the waste production reduction as first priority.
It is important to highlight that for making the analysis relating to the case study, assumptions and simplifications were made. However, the results obtained and presented can be considered a simplified representation of reality. Therefore, the work can be co nsidered a good basis for affirming that, in certain contexts, recycling can lead to real environmental benefits.
This does not mean that recycling is the solution to current environmental problems. As mentioned, recycling is not always a convenient solution; for this reason, an evaluation must be carried out, that foresees the consequences and compares it with other possible Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 256 alternatives. In any case it is not a valid solution alone. It is clear that wi thout changing attitudes towards the consumption of resources, towards the dynamics of consumerism that prevail today, recycling itself loses its meaning. It is necessary to accompany this practice with a gradual reduction in the consumption of goods and resources, in order to lead to a real improvement.
In this context, it would be interesting to carry out other types of analysis, such as for example contingent analysis, to study other aspects of the issue, as what is the degree of knowledge of people on the subject and what is the perception of direct consumers towards the product analysed, but also towards other products that contain recycled material within them.
In this sense, Tea Natura, together with the companies with which it collaborates, is committed to organizing awareness campaigns and environmental education activities, participating in fairs and involving schools, so as to spread knowledge about the problem of waste and the concept of recycling, showing and distributing a product, the Re -Detergent, which is in fact a concrete example of the synthesis of these two concepts.
In conclusion, by conveying our choices and our purchases towards products like the one analysed, we can directly facilitate the transition to the circular economy and encoura ge those realities that have already begun to move in this direction. Finally, we can indirectly contribute to reducing the environmental impact on ecosystems and to limit that series of negative environmental events and trends that seem at the moment unstoppable.
